By considering the influence of the earth's magnetic field on the motion of charged particles (electrons, protons, etc. ) coming to the earth from all directions in space, it is shown that the experimental variation of cosmic-ray intensity with magnetic latitude, as found by Compton and his collaborators, is fully accounted for. The cosmic radiation must contain charged particles of energy between limits given in the paper. The experimental curve may be represented by a suitable mixture of rays of these energies, but it is not at all excluded that a part of the radiation may consist of photons or neutrons. For predominantly negative partides there must be in the region of rapidly varying intensity a predominant amount of rays coming from the east, and conversely for positive rays. Because of the fact that in regions near the magnetic equator there is a predominance of rays coming nearly horizontally, the absorption by the atmosphere may be increased. Finally the fact that Compton's result definitely shows that the cosmic rays contain charged particles gives some support to the theory of super-radioactive origin of these rays advanced by one of the present authors.
'N the course of a survey of the intensity of .. cosmic radiation at a large number of stations scattered all over the wqrld, A. H. Compton Phys. Rev. 42, 446 (1932) . ' J. Clay and H. P. Berlage, Naturwiss. 20, 687 (1932 We use spherical coordinates r, p, X, where r is the distance from the center of the earth, p the longitude counted positively towards the east, and X the magnetic latitude. We assume as a 6rst approximation that the earth's magnetic 6eld may be represented by the field of a dipole of moment M at the center of the earth, with its axis towards the magnetic poles. ' The components of the earth's magnetic 6eld in the direction of r increasing and ) increasing are, respectively, H, =(2M/r') sin X, Hi, = -(M/r') cos X. The equations of motion are then,
where rn is the relativistic mass at the constant speed corresponding to the kinetic energy of the particle, e is the charge on the particle and the dots have their usual meaning. The last equation is immediately integrated, yielding as its first integral,
where y is an integration constant which in our physical problem is proportional to the p-component of the moment of momentum of the particle at infinity. The inclination 0 of the particle's path with respect to the meridian plane is given by' sin 9 = (r cos X/v)(dy/dt), where v is the velocity, and from the conservation of kinetic energy we have, where the minus sign refers to positive particles and the plus sign to negative. +yg +y p cos ) =g (6) IV.
From (2) and (4) we find, eliminating j, -, 'd(rr')/dt -v' = (e'M'/m') (1/r') (2pr+cos' X) (7) and therefore, by integration, These equations may be more readily discussed by using a normalized coordinate x = (mv/aeM)'"r, (11) where the sign in the denominator is to be taken either plus or minus according to whether we are dealing with positive or negative particles. In terms of the kinetic energy of the particle measured in electron-volts (11) may be written From (2), (4), (6) and (8) (9) must be so chosen that this denominator has a double root. We adopt as the mean value of sin' 'A x=r(V/300McZ)'~'(1+600moc'/e U)'" (12) sin' 'A = sin' X"/2, (15) where V is the potential measured in volts, c the speed of light in vacuum, Ze the absolute value of the particle charge, e the electronic charge, and rnp the rest mass of the particle. Placing for r the radius of the earth (6370 km) we obtain a value xp which fixes the scale of our normalized coordinate with respect to the earth and is a measure of the energy of the rays.
Likewise it is convenient to use instead of our y a new p& defined by where ) is the maximum value of X, and estimate as the inclination of the tangent drawn from the origin to the curve sin 8 = 1, in Eq. (14). This condition gives, cos Xm=py . (16) x' -27,x+1 -sin' X"/2 =0 (17) The fourth degree equation fixing the value of x for the periodic orbit is found to be yi ---(ac%/mv) i~'y, so that (5) now becomes, (13) and Cis then given by,
sin 0= -2yi/x cos X+cos X/x', (14) ' Reference 5, p. 248. where xi is the root of (17). Table I gives the collected values of X, y~, x~and C.
As the approximation (16) to ) = 20', beginning at log x= -0.04 and ) =14.14' and decreasing values of ). From the result of this integration we have made estimates of the inclination g with the radius vector of the asymptotic family of trajectories passing through points of coordinates x=0. 5, 0.6, 0.7, 0.8 and 0.9, both for 'A=O' (equator) and 10'. that there is a slight predominance of the rays coming from the south. Table VI gives From an examination of the curves in Fig. 1 is not at all excluded that a part of the radiation may consist of photons or neutrons.
The sign of the charged particles of the cosmic radiation, or the sign of the predominant part of the rays if they are a mixture of positive and negative particles, is within the reach of experimental detection. For negative particles there must be in the region of rapidly varying intensity a predominant amount of rays coming from the east, and conversely for positive rays. If a large part of the radiation is uncharged this effect may be missed if observations are made too near the magnetic equator. .
Because of the fact that in regions near the magnetic equator there is a predominance of rays coming nearly horizontally, the absorption by the atmosphere may be increased. The small southern effect mentioned elsewhere seems to be of the second order and could only be computed by a more refined calculation.
Finally, the fact that Compton's result definitely shows that the cosmic rays contain charged particles gives some experimental support to the theory of super-radioactive origin of the cosmic radiation. In presenting this theory one of the present authors' wrote: "I think that a possible test of the theory is that, if I am right, cosmic rays cannot be formed uniquely of photons, but must contain, like the radioactive rays, fast beta-rays and alpha-particles, and even new rays of greater masses and charges. I have shown that the momenta of such rays must be. reduced by the expansion (of the universe) in about the same ratio as that of photons. "
